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  Doppler ultrasonography is a useful, non-invasive method of 
monitoring renal allograft dysunfction. 100 living donor transplant 
recipients had Doppler and real time ultrasound studies during the 
follow up period in the renal transplant  clinic in Ahmed Gasim 
Hospital – Khartoum during the period from Dec 2003 to Dec. 2004. 
 All patients had their transplantation in Sudan.  The age of the 
patients was found to be ranged between 10-60 years, most of 
patients were males (85 patients) while females were (15 patients). 
 Live related donors were 91 and non related living donars were 
nine. 
 From this study we found that the causes of end stage renal 
diseae are due to to uncertain diagnosis account 55 patients followed 
by hypertension 21 patients, renal stone 10 patients, 
glomerulonephritis 4 patients; others uropathy, trauma, preclamatic 
toxeomia and chronic rejection. In this study 67 patients had dialysis 
for one year before renaltransplant , the rest had dialysis for one to 
three years.  
 Resistive index was normal in 65 patients and increased in 35 
patients. 
 Based on resistive index, 85.5% of cases were diagnosed as 
normal kidney graft, when the resistive index was in normal range 
(0.5 – 0.7) increased reistive index (> 0.7 – 1.0) noticed in acute 
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rejection  33.3%, chronic rejection 100%, acute tubular necrosis 
30.8% and  cyclosporine toxicity in 100%. 
From the study we found that ,when resistive index was normal (0.5-
0.7 ),blood urea  was also normal (0-50 mg/dl) in 93.5 %, and when 
resistive index was high (0.7-1.0 ) ,blood urea was also high (100-
150mg/dl) in      83.3% . 
         When  serum creatinine with normal range (0.5-1.0 mg/dl), 
resistive index was normal (0.5-0.7 ) in 80 % and when serum 
creatinine  was high (2.5-3.0 mg/dl ) resistive index was also high in 
100% 
 When the symptoms of patients compared with  U/S diagnosis 
we found that patients with no complain , U/S reveal normal renal 
allograft  in 75.9% , while patients with nausea, vomiting, abd pain, 
LL oedma had abnormal U/S findings. 
 This showed that Doppler ultrasound was found to be useful 











ﺃﺜﺒﺕ  ﺩﻭﺒﻠﺭ  ﺍﻟﻤﻭﺠﺎﺕ  ﻓﻭﻑ ﺍﻟﺼﻭﺘﻴﺔ  ﻜﻁﺭﻴﻘﺔ  ﻤﻔﻴﺩﺓ  ﻭﻏﻴﺭ  ﻀﺎﺭﺓ  ﻟﻤﺭﺍﻗﺒﺔ  ﺍﻻﺨﺘﻼﻑ      
ﻓﻰ  ﻤﺎﺌﺔ  ﺤﺎﺼل  ﻋﻠﻰ ﻜﻠﻰ  ﻤﻥ  ﻤﺘﺒﺭﻉ  ﺤﻰ ﺃﺠﺭﻴﺕ ﻟﻬﻡ ﻓﺤﺹ . ﺍﻟﻭﻅﻴﻔﻰ ﻟﻠﻜﻠﻰ  ﺍﻟﻤﺯﺭﻭﻋﺔ  
ﺩﺓ  ﻭﺤﺩﺓ  ﺍﻟﻜﻠﻰ ﺒﻤﺴﺘﺸﻔﻰ  ﺍﺤﻤﺩ  ﺍﻟﺩﻭﺒﻠﺭ ﺍﻟﻤﻭﺠﺎﺕ ﻓﻭﻕ  ﺍﻟﺼﻭﺘﻴﺔ  ﺃﺜﻨﺎﺀ ﺍﻟﻤﺘﺎﺒﻌﺔ ﺍﻟﺩﻭﺭﻴﺔ ﻓﻰ  ﻋﻴﺎ
ﻡ   ﻜل  ﺍﻟﻤﺭﻀﻰ 4002ﻡ  ﻭﺤﺘﻰ  ﺩﻴﺴﻤﺒﺭ  3002ﺍﻟﺨﺭﻁﻭﻡ  ﻓﻰ  ﺍﻟﻔﺘﺭﺓ  ﻤﻥ  ﺩﻴﺴﻤﺒﺭ   -ﻗﺎﺴﻡ  
ﺴﻨﺔ  06- 01ﺘﺘﺭﺍﻭﺡ  ﺃﻋﻤﺎﺭ  ﺍﻟﻤﺭﻀﻰ  ﻤﺎﺒﻴﻥ , ﺃﺠﺭﻴﺕ  ﻟﻬﻡ  ﻋﻤﻠﻴﺔ  ﺍﻟﺯﺭﺍﻋﺔ  ﺩﺍﺨل  ﺍﻟﺴﻭﺩﺍﻥ  
ﻤﺭﻴﺽ  ﺒﻴﻨﻤﺎ    58ﻜﻭﺭ  ﻭﻤﻌﻅﻡ  ﺍﻟﻤﺭﻀﻰ  ﺫ% 73ﺴﻨﺔ ﺒﻨﺴﺒﺔ   06ﺇﻟﻰ   14ﻭﺍﻟﻐﺎﻟﺒﻴﺔ  ﻤﺎﺒﻴﻥ  
  .ﻤﺭﻴﻀﺔ   51ﺍﻹﻨﺎﺙ  
ﻤﺭﻴﺽ  ﻭﻏﻴﺭ  ﺍﻻﻗﺭﺒﺎﺀ  ﺘﺴﻌﺔ   19ﺍﻟﻤﺭﻀﻰ  ﺍﻟﺤﺎﺼﻠﻭﻥ  ﻋﻠﻰ  ﻜﻠﻰ  ﻤﻥ  ﺃﻗﺎﺭﺒﻬﻡ       
  .ﻤﺭﻀﻰ 
  55ﺃﺘﻀﺢ  ﻤﻥ  ﺍﻟﺩﺭﺍﺴﺔ  ﺃﻥ  ﺍﻟﺴﺒﺏ  ﺍﻟﺭﺌﻴﺴﻰ  ﻟﻠﻔﺸل  ﺍﻟﻜﻠﻭﻯ  ﻏﻴﺭ  ﻤﻌﺭﻭﻑ  ﺒﻌﺩﺩ       
ﻤﺭﻀﻰ  ﻭﺍﻟﺘﻬﺎﺏ    01ﺍﻟﻜﻠﻰ    ﻤﺭﻴﺽ  ﻭﺤﺼﺎﻭﻯ  12ﻤﺭﻴﺽ  ﺜﻡ ﻻﺭﺘﻔﺎﻉ  ﺍﻟﻀﻐﻁ  ﺍﻟﺩﻤﻭﻯ  
ﻤﺭﻀﻰ  ﻭﺃﺴﺒﺎﺏ  ﺃﺨﺭﻯ  ﻤﺜل  ﺃﻋﺘﻼل  ﺍﻻﻨﺴﺩﺍﺩ  ﺍﻟﺒﻭﻟﻰ  ﻭﺍﻟﺼﺩﻤﺔ  ﻭﺘﺴﻤﻡ    4ﺍﻟﻜﻠﻰ  ﺍﻟﻜﺒﻴﺒﻰ 
  .ﺍﻟﺩﻡ  ﺍﻟﺤﻤﻠﻰ  ﻭﺍﻟﺭﻓﺽ  ﺍﻟﻜﻠﻭﻯ  ﺍﻟﻤﺯﻤﻥ
ﻤﺭﻴﺽ  ﺨﻀﻌﻭﺍ  ﻟﻐﺴﻴل  ﻜﻠﻭﻯ  ﻟﻤﺩﺓ  ﻋﺎﻡ  ﻗﺒل  ﺍﻻﺴﺘﺯﺭﺍﻉ    76ﻓﻰ  ﻫﺫﺓ  ﺍﻟﺩﺭﺍﺴﺔ       
  .ﻟﻜﻠﻭﻯ  ﻟﻔﺘﺭﺓ  ﻤﻥ  ﺴﻨﺔ  ﺇﻟﻰ  ﺜﻼﺜﺔ  ﺴﻨﻭﺍﺕ  ﻭﺍﻟﺒﺎﻗﻰ  ﺨﺼﻌﻭﺍ  ﻟﻠﻐﺴﻴل  ﺍ
 v
 
ﻤﺭﻴﺽ  ﻭﻋﺎﻟﻰ    56ﻓﻰ  ( 0. 7-  0. 5)ﻤﻥ  ﺍﻟﺩﺭﺍﺴﺔ  ﺃﺘﻀﺢ  ﺃﻥ  ﻤﻌﺩل  ﺍﻟﻤﻘﺎﻭﻤﺔ  ﻁﺒﻴﻌﻰ      
ﻤﺭﻴﺽ  ﺸﺨﺼﻭﺍ  ﻁﺒﻴﻌﻰ  ﺍﻟﻜﻠﻰ  % 58. 5ﻤﺭﻴﺽ  ﻭﺍﻋﺘﻤﺎﺩﺍ  ﻋﻠﻰ  ﻤﻌﺩل  ﺍﻟﻤﻘﺎﻭﻤﺔ    53ﻓﻰ  
ﻭﺠﺩ  ( 1 -  0. 7ﺍﻜﺜﺭ ﻤﻥ) ﻤﻌﺩل  ﺍﻟﻤﻘﺎﻭﻤﺔ  ﺍﻟﺯﻴﺎﺩﺓ  ﻓﻰ  . ﻋﻨﺩﻤﺎ  ﻜﺎﻥ  ﻤﻌﺩل  ﺍﻟﻤﻘﺎﻭﻤﺔ  ﻁﺒﻴﻌﻰ 
،  ﺍﻟﺘﻬﺎﺏ  % 001ﺍﻟﺭﻓﺽ  ﺍﻟﻤﺯﻤﻥ ,   %  3.33ﻓﻰ ﺍﻟﺤﺎﻻﺕ  ﺍﻟﺘﺎﻟﻴﺔ ، ﺍﻟﺭﻓﺽ  ﺍﻟﺤﺎﺩ  ﺒﻨﺴﺒﺔ  
  % .001ﻭﺘﺴﻤﻡ  ﺍﻟﺴﻴﻜﻠﻭﺴﺒﻭﺭﻴﻥ %  8.03ﺃﻻﻨﺎﺒﻴﺏ  ﺍﻟﻨﺨﺭﻯ 
ﻴﻨﺎ  ﻋﻨﺩﻤﺎ  ﺘﻜﻭﻥ  ﺍﻟﺒﻭﻟ( 0. 7-  0. 5)ﺃﺜﺒﺕ  ﺍﻟﺩﺭﺍﺴﺔ  ﺃﻥ  ﻤﻌﺩل  ﺍﻟﻤﻘﺎﻭﻤﺔ  ﺍﻟﻁﺒﻴﻌﻰ       
( 1 -  0. 7ﺍﻜﺜﺭ ﻤﻥ) ﺒﻴﻨﻤﺎ  ﻤﻌﺩل  ﺍﻟﻤﻘﺎﻭﻤﺔ  ﻋﺎﻟﻰ  %   0.39ﻓﻰ  ( ﺩل /ﻤﻠﻎ  05 – 0)ﻁﺒﻴﻌﻴﺔ 
ﻜﻤﺎ  ﺃﻥ  ﻤﻌﺩل  ﺍﻟﻤﻘﺎﻭﻤﺔ  % .  3.38ﻓﻰ ( ﻁ/ﻤﻠﻎ  051- 001)ﻋﻨﺩﻤﺎ  ﺘﻜﻭﻥ  ﺍﻟﺒﻭﻟﻴﻨﺎ  ﻋﺎﻟﻴﺔ  
ﻭﻤﺭﺘﻔﻊ %  08ﻓﻰ ( ﺩ ل / ﻤﻠﻎ 1- 5.0)ﻋﻨﺩﻤﺎ  ﻴﻜﻭﻥ  ﻜﺭﻴﺘﻴﻥ ﺍﻟﻡ  ﻁﺒﻴﻌﻰ ( 7 – 0. 5)ﻁﺒﻴﻌـﻰ 
  % .001ﻓﻰ ( ﺩ ل /ﻤﻠﻎ 3- 5.2)ﻋﻨﻤﺎ  ﻴﻜﻭﻥ  ﻜﺭﻴﺘﻨﻴﻥ ﺍﻟﺩﻡ  ﻤﺭﺘﻔﻊ 
ﺃﺘﻀﺢ  ﻤﻥ  ﺍﻟﺩﺭﺍﺴﺔ ﻋﻨﺩ  ﻤﻘﺎﺭﻨﺔ  ﺍﻻﻋﺭﺍﺽ ﺍﻟﻤﺭﻀﻴﺔ  ﻟﻠﻤﺭﻀﻰ  ﺒﺘﺸﺨﻴﺹ  ﺍﻟﻤﻭﺠﺎﺕ ﻓﻭﻕ       
ﺍﻟﺼﻭﺘﻴﺔ  ﺍﻥ  ﺍﻟﻤﺭﻀﻰ  ﺍﻟﺫﻴﻥ ﻻ ﻴﻌﺎﻨﻭﻥ  ﻤﻥ  ﺃﻋﺭﺍﺽ  ﻜﺎﻨﺕ  ﻨﺘﻴﺠﺔ  ﺍﻟﻤﻭﺠﺎﺕ  ﻓﻭﻕ  ﺍﻟﺼﻭﺘﻴﺔ  
ﺁﻻﻡ . ﺒﻴﻨﻤﺎ  ﺍﻟﻤﺭﻀﻰ  ﺍﻟﺫﻴﻥ  ﻴﻌﺎﻨﻭﻥ  ﻤﻥ ﺍﻟﺘﻐﻴﻭ %  9.57ﻁﺒﻴﻌﻴﺔ  ﻟﻜﻠﻰ  ﺍﻟﻤﺯﺭﻭﻋﺔ  ﺒﻨﺴﺒﺔ 
  . ﺍﻟﺒﻁﻥ  ﻭﺘﻭﺭﻡ  ﺍﻻﻁﺭﺍﻑ  ﺍﻟﺴﻔﻠﻰ  ﻜﺎﻨﺕ  ﻨﺘﻴﺠﺔ  ﺍﻟﻤﻭﺠﺎﺕ  ﻓﻭﻕ  ﺍﻟﺼﻭﺘﻴﺔ  ﻏﻴﺭ  ﻁﺒﻴﻌﻴﺔ 
ﻭﻫﺫﺍ  ﻴﻌﻨﻰ  ﺩﻭﺒﻠﺭ  ﺍﻟﻤﻭﺠﺎﺕ  ﻓﻭﻕ  ﺍﻟﺼﻭﺘﻴﺔ  ﻴﻌﺘﺒﺭ ﻤﻜﻤل  ﻟﻠﻔﺤﺹ  ﺍﻟﻤﻌﻤﻠﻰ  ﻓﻰ  ﺘﻘﻴﻴﻡ      
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1- INTRODUCCTION AND LITERATURE REVIEW 
1.1 Introduction: 
The term “renal failure” means failure of renal excretory function 
due to depression of GFR (1). Chronic renal failure and end-stage 
renal disease are on the increase worldwide, in the UK, the incidence 
of end-stage renal failure is 200 per million population per year.  
In Kuwait there are 250 patients on dialysis and the number is 
increasing by 200 new patients per year (2) . 
The diseases which can damage the kidney in progressive and 
however, leading to chronic renal failure are glomerulonephritis, 
chronic pyelonephritis, uropathy, hypertensive nephrosclerosis, 
polycystic kidney disease, drugs and toxins. 
Chronic renal failure is the major cause of death from renal 
disease(3) . 
Renal transplantation, first carried out in 1954  between 
identical twins, is now the preferred treatment modality for ESRD. 
Improved immunosuppressive therapy has improved the survival of 
renal allografts to 90%  at one year post transplant(3) .    
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This treatment offers the persons with end-stage renal disease 
the chance of full recovery, giving them the opportunity to re-instate 
their mental and physical abilities, thus improving their quality of life.  
 
Chronic rejection remains the commonest cause of graft failure, 
while other problems include technical difficulties with the vascular 
and ureteric anastomoses, and acute tubular necrosis resulting from 
ischaemia time(5)  . 
 
When screenig laboratory test  results indicate renal transplant 
dysfunction, imaging studies are often required to evaluate renal 
morphology and perfusion. Doppler Ultrasound is an ideal tool for this 
purpose because of its non-invasive nature, ready availability 
cheaper, and ability to detect and distinguish many of the vascular 
abnormalities that are found with transplant dysfunction(4).  
Occasionally, ultrasound can suggest functional problems such as 





?   Objective  
- To compare the results of Doppler Ultrasound imaging in kidney  
















1.2 LITERATURE REVIEW: 
1.2.1 Anatomy of The Kidneys: 
Kidneys 
Location and description 
 The two kidneys function to excrete most of the waste products 
of metabolism.  They play a major role in controlling the water and 
electrolyte balance within the body and maintaining the acid-base 
balance of the blood. The waste products leave the kidneys as urine, 
which passes down the ureters to the urinary bladder, located within 
the pelvis. The urine leaves the body through  the urethra.  
The kidneys are reddish-brown and lie behind the peritoneum 
high up on the posterior abdominal wall, largely under cover of the 
costal margin. The right kidney lies slightly lower than the left kidney, 
because of the large size of the right lobe of the liver. With 
contraction of the diaphragm during respiration, both kidneys move 
downward in a vertical direction by as much as 1 inch (2.5cm). On the 
medial concave border of each kidney is a vertical slit, which is 
bounded by thick lips of renal substance and is called the hilum. The 
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hilum extends into a large cavity called the renal sinus. The hilum 
transmits, from the front backward, the renal vein, two branches of 
the renal artery, the ureter, and the third branch of the renal artery 
(V.A.U.A). Lymph vessels and sympathetic fibers also pass through 
the hilum(7).  
Coverings 
The kidneys have the following coverings:  
(1) Fibrous capsule: This surrounds the kidney and IS closely applied 
to its outer surface.  
(2)  Perirenal fat: This covers the fibrous capsule.  
(3)  Renal fascia: This is a condensation of connective tissue that 
lies outside the perirenal fat and encloses the kidneys and 
suprarenal glands; it is continuous laterally with the fascia 
transversalis.  
(4)  Pararenal fat: This lies external to the renal fascia and is often 
in large quantity. It forms part of the retroperitoneal fat.  
The perirenal fat, renal fascia, and pararenal fat support the 
kidneys and hold them in position on the posterior abdominal wall (7).  
6 
 
Renal structure  
There is a dark-brown outer cortex and a light-brown inner 
medulla m each kidney. The medulla is composed of about a dozen 
renal pyramids, each having its base oriented toward the cortex and 
its apex, the renal papilla, projecting medially. The cortex extends into 
the medulla between adjacent pyramids as the renal columns. 
Extending from the bases of the renal pyramids into the cortex are 
striations known as medullary rays.  
The renal sinus, which is the space within the hilum, 
contains the upper expanded end of the Ureter , the renal 
pelvis. This divides into two or three major calyces, each of 
which divides into two or three minor calyces. Each minor 
calyx is indented by the apex of the renal pyramid, the renal 
papilla. 
Important relations, right kidneys 
• Anteriorly: The suprarenal gland, the liver, the second part of the 
duodenum, and the right colic flexure.  
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• Posteriorly: The diaphragm, the costodiaphragmatic recess of the 
pleura, the twelfth rib, and the psoas, quadratus lumborum, and 
transversus abdominis muscles. The subcostal (TI2), iliohypogastric, 
and ilioinguinal nerves (LI) run downward and laterally.  
Important relations, left kidney  
• Anteriorly: The suprarenal gland, the spleen, the stomach, the 
pancreas, the left colic flexture, and coils of jejunum.  
• Posteriorly: The diaphragm, the costodiaphragmatic recess of the 
pleura, the eleventh (the left kidney is higher) and twelfth ribs, and the 
psoas, quadratus lumborum, and transversus abdominis muscles. 
The subcostal (T12), iliohypogastric and ilioinguinal nerves (L1) run 
downward and laterally.  
Note that many of the structures are directly in contact with the 








The renal artery arises from the aorta at the level of the second 
lumbar vertebra. Each renal artery usually divides into five segmental 
arteries that enter the hilum of the kidney, four in front and one 
behind the renal pelvis. They are distributed to different segments or 
areas of the kidney. Lobar arteries arise from each segmental artery, 
one for each renal pyramid. Before entering the renal substance, 
each lobar artery gives off two or three interlobar arteries. The 
interlobar arteries run toward the cortex on each side of the renal 
pyramid. At the junction of the cortex and the medulla, the interlobar 
arteries give off the arcuate arteries, which arch over the bases of the 
pyramids. The arcuate arteries give off a number of interlobular 
arteries that ascend in the cortex. The afferent glomerular arterioles 
arise as branches of the interlobular arteries.  
Veins 
The renal vein emerges from the hilum in front of the renal 
artery. The renal vein drains into the inferior vena cava . 
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Lymph Drainage  
The lymph vessels follow the renal artery to lateral 
aortic lymph nodes around the origin of the renal artery.  
Nerve Supply  
The nerves to the kidney originate in the renal sympathetic 
plexus and are distributed along the branches of the renal vessel. 
The afferent fibers that travel though the renal plexus enter the spinal 
cord in the tenth, eleventh, and twelfth thoracic nerves.  
Ureters  
Location and Description 
The two ureters are muscular tubes that extend from the 
kidneys to the posterior surface of the urinary bladder. The urine is 
propelled along the ureter by peristaltic contractions of the muscle 
coat, assisted by the filtration pressure of the glomeruli.  
Each ureter measures about 10 inches (25 cm) long and 
resembles the esophagus (also 10 inches long) in having three 
constrictions along its course: (1) where the renal pelvis joins the 
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ureter, (2) where it is kinked as it crosses the pelvic brim , and (3) 
where it pierces the bladder wall.  
The renal pelvis (pelvis of the ureter) is the funnel-shaped 
expanded upper end of the ureter; it lies within the hilum of the kidney 
and receives the major calyces.  The ureter emerges from the hilum 
of the kidney and run vertically downward behind the parietal 
peritoneum (adherent to it) on the psoas muscle, which separates it 
from the tip of the transverse processes of the lumber vertebrae. It 
enters the pelvis by crossing the bifurcation of the common iliac 
artery in front of the sacroiliac joint.  The ureter then runs down the 
lateral wall of the pelvis to the region of the ischial spine and turns 
forward to enter the lateral angle of the bladder. 
Relations , Right Ureter  
• Anteriorly: the duodenim the terminal part of the ileum, the right 
colic and ileocolic vessels , the right testicular or ovarian vessels, 
and the root of the mesentery of the small intestine.  
• Posteriorly:   the right psoas muscle, which separates it from the 
lumbar transverse processes , and the bifurcation of the right 
common iliac artery  
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Relation, Left ureter:  
• Anteriorly: the sigmoid colon and sigmoid mesocolon the left colic 
vessels, and the left testicular or ovarian vessels.  
• Posteriorly: the left psoas muscle , which separates it from the 
lumbar transverse processes , and the bifurcation of the left 
common iliac artery.  
The inferior mesenteric vein lies along the medial side of the left 
ureter Blood Supply  
Blood supply 
Arteries  
The arterial supply to the ureter is (l) upper end , the 
renal artery (2) middle portion , the testicular or ovarian 
artery ; and (3) in the pelvis , the superior vesical artery .  
Veins 




Lymph Driange  
          The lymph vessels drains into the lateral aortic nodes and iliac 
nodes. 
Nerve supply: 
The nerves of the ureter are derived from renal, testicular (or 
ovarian ) and hypogastric plexuses (in the pelvis). 
Afferent fibers travel with the sympathetic nerves and enter the 











1.2.2 Physiology of Kidney: 
(Physiological aspects of urine formation)  
The secretion of urine by kidney entails two distinct processes     
1) The passive filtration of plasma through the glomeruli with the 
formation of a fluid identical with plasma except that it contains 
only a trace of protein, and  
2) The passage of this glomerular filtrate through a complex system 
tubules in which much of water and many of its solutes are 
absorbed back into the blood stream, white some substances are 
secreted directly into the tubules from the blood. The resulting 
urine differs very considerably from the glomerular filtrate from 
which it was derived, not only in the concentration of its solutes 
but also in its hydrogen ion concentration(8).  
Glomerular filtration:   
The glomerular capillary wall consist of an epithelial cell layer, 
basement membrane, 300 - 370 nm thick, lying between them. The 
epithelial cells are called podocytes ,  they  are suspended in the fluid 
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of Bowman's capsule and make contact with  the basement 
membrane by innumerable terminal foot processes, or pedicles.  
The hydrostatic pressure of blood forces a "protein-free filtrate  
from the plasma through the walls of the glomerular  capillaries. The 
pedicles of adjacent podocytes interdigitate ,  but with intervening 
spaces called filtration slits, of 25 - 55 nm width. Bridging the slits, a 
membrane or diaphragm limits free passage to molecules of only 
about 4 nm in effective radius. 
The rate of glomerular filtration (GFR) is about 120 ml/min, and 
it is intimately influenced by the renal blood flow.  The concept of 
clearance is used in assessing the glomerular filtration rate because it 
measures the volume of plasma 'cleared' of any substance by the 
kidney in a given time.  
The insulin clearance test in technically difficult and time 
consuming. 
  The creatinine clearance is often used clinically as measure of  
glomerular filtration.    
The normal range is 90 - 130 ml / min.  
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  In diseased kidney, however, the creatinine clearance 
sometimes greatly overestimates the GFR, so that a single normal 
value does not necessarily indicate normal renal function.  
The plasma urea level is only a very rough  guide to venal 
function, (as it is affected by other factors such as hepatic synthesis 
and dietary protein intake ).  
Plasma creatinine is a better guide, and the reciprocal of its 
concentration correlates well with the GFR.  
Measured creatinine clearance requires a prolonged urine 
collection, and retains the minor) inaccuracy from tubular creatinine 
secretion.  
Most nephrologists now prefer to rely on the measurement of 
GFR using radionuclide clearance.  
The radioactive agent Cr - EDTA is most widely used, and 
permits very accurate assessment of renal function even at a very 
low GFR, and requires a urine collection of as little as 90 ml after a 




Tubular function:  
Tubular reabsorption starts in the proximal convoluted tubule 
where about 85% of water of glomerular filtrate is re turned to the 
blood stream. The re absorption of water is the passive result of 
active reabsorption of much of the filtered sodium mainly in exchange 
for hydrogen ions (accompanied by chloride). Thus the re absorption 
of electrolytes is such that the luminal fluid is isotonic with the 
plasma, this is called isosmotic absorption. The glucose, aminoacids, 
and the trace of protein that passed the glomerular filter are 
completely reabsorbed.   On the other hand, most of the filtered urea 
remains in the lumen, passing on through the proximal tubule, 
because little escapes by diffusion though the wall back into the 
blood.   
In the ascending limb of the loop of Henle there is a 
considerable transfer of sodium chloride from the lumen to the 
interstitial fluid of the medulla. As this part of the loop of Henle is 
impermeable, it follows that the filtrate within it becomes 
progressively more hypotonic as compared with plasma, whilst the 
interstitial fluid becomes hypertonic.  
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In the distal tubules the PH of the filtrate and its electrolyte 
composition are finally adjusted, and in the collecting tubule a certain 
amount of its water and urea is absorbed from the limen to the 
medullary interstitial fluid. As this stage the luminal fluid has the full 
composition of urine.  
Water excretion: 
 When the hypotonic filtrate leaves the loop of Henle and enters 
the distubule, it becomes isotonic with plasma once more, as this part 
of the nephron is fully permeable to water in the presence of anti 
diuretic hormone (ADH).  In its course through the collecting tubules 
the filtrate, being surrounded by the hyper tonic interstitial fluid of the 
medulla, tends to attain osmotic equilibrium by transferring some of 
its water to the interstitial tissue. In this way the filtrate attains the final 
hypertoxicity   characteristic of urine, as compared with plasma. The 
permeability of the distal and collecting tubules is related to the 
circulating level of ADH, which renders these tubules permeable to 
the passage of water from the lumen to the interstitial fluid.  
Large amounts of hormone, produce a highly concentrated 




When an individual is deprived of fluid or given ADH, highly 
concentrated urine is passed.  
The ability to concentrate depends upon several factors: 
1)  The secretion of ADH: - This is reduced in diabetes insipidus, 
which may complicate hypothalamic and pituitary lesions.  
2)  The capacity of the tubules to respond to ADH:  This is 
defective in congenital nephrogenic diabetes insipidus.  
3)  The solute load:  
Most commonly a failure of concentrating ability coincides with 
a fall in GFR.  
Control of acid - base equilibrium:    
The kidney plays a vital part in the control of the acid - base 
balance of the body by varying the rate of secretion of hydrogen ions.  
Secretion of hydrogen ions occurs throughout the whole tubular 
system including the collecting ducts; but is greatest in the distal 
tubule.  As the hydrogen ions enter the lumen, there is a return into 
the blood of bicarbonate ions.   
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The hydrogen ions in the filtrate also combine with buffer base  
radicals, particularly;  Phosphate, and with ammonia to form 
ammonia ions.  
These are then excreted in urine. Ammonia formation follows 
the enzymatic breakdown of glutamine by glutaminase and amino 
acid by amino oxidases, all of which are present in the cells of 
tubules.  
In  acidosis. There is an increased excretion of hydrogen ions 
into tubular fluid and increased reabsorption of bicarbonate ions into 
the plasma.  
 
The handling of electrolytes: 
Sodium: 
About 80% of the sodium contained in the glomerular filtrate is 
reabsorbed together with chloride and bicarbonate ions in the 
proximal tubules. A variable amount of the remaining sodium is 
reabsorbed in the distal and collecting tubules, where the process 
appears to be a selective one, as compared with the isosmotic 
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absorption of electrolytes that takes place in the proximal tubule. 
Chloride ions follow the actively absorbed sodium ions, while 
hydrogen and potassium ions travel in the opposite direction into the 
filtrate. The absorption of sodium ions in the distal tubules is 
influenced by aldosterone.  
Potassium: some of the potassium in the glomerular filtrate is   
reabsorbed in the proximal tubule; but there is an active secretion 
from distal tubule which, as noted above, follows the  reabsorption of 
sodium into the cells of the distal tubule.  Aldosterone increases 
potassium excretion, apparently secondarily to its effect on  sodium 
absorption. Potassium ions complete with hydrogen ions for the 
available transport systems in the distal tubule, it follows that an 
alteration in secretion of one of them affects that of the other also.  
Calcium: There is reabsorption of calcium from the proximal 
tubules. Parathyroid hormone actually increases calcium absorption. 
but as it also mobilizes calcium from bones, the total effect is one of 
increased calcium excretion in the urine (hypercalciuria). 





The excretion of phosphate, like that of urea, is closely related 
to the GFR. Parathyroid hormone increases phosphate excretion in 
the urine mainly through a cAMP mediated reduction in proximal 
tubular permeability. Whenever, there is nitrogenous retention due to 
renal disease, there is always an associated rise in the plasma 
phosphate level. This in turn induces a fall in the plasma calcium 
level, which stimulates parathyroid hormone secretion. Nevertheless, 
although there may be a considerable hyperplasia of the parathyroid 
glands, the parathyroid hormone secreted cannot lower the 
phosphate concentration to a normal level(8).. 
Renal failure: 
Renal failure is a state in which the body's metabolism 
deranged as a consequence of dysfun~li9in of kidneys dysfunction. 
There are numerous man infestations of metabolic disturbance.  
 Most of these are attributable to failure of excretion or 
conservation of various chemical substances by the kidney, for this 
organ is the most important regulator of the extracellular fluid, it 
controls the concentration of its various electrolytes, it is essential for 
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acid base balance, and it is responsible for the excretion of 
nitrogenous waste products. In addition the kidney plays apart in the 
maintenance of blood pressure and it is concerned in erythropoiesis 
and vitamin D metabolism. 
From clinical point of view, rend failure in a common and very 
serious condition, in which the retention of nitrogenous substances 
such as urea and creatinine is the most conspicuous biochemical 
finding. The condition is called uraemia (which originally meant urine 
in the blood) in fact; few of its clinical manifestations can be directly 
attributed to urea retention. The failure in acid-Base regulation and 
the disordered handling of electrolytes are of much greater 
importance. A true conception of renal failure demands of much 
broader scope than this, since there are many renal lesions, which 
produce metabolic disturbances in which neither nitrogenous 
retention nor uremia (symptoms are present. Examples of such 
condition are nephritic syndrome. (In which kidney excretes large 
amounts of plasma proteins), and certain tubular defects (in which 




Chronic Renal Failure: 
Causes of chronic renal failure:  
 Chronic destructive renal disease:   
This is the most important group, and it includes such 
conditions as chronic pyelonephritis (which is the commonest cause 
of chronic renal failure, chronic glomerulonephritis, chronic interstitial 
nephritis, systemic lupus erythematosus, polyartheritis nodosa, 
progressive systemic sclerosis, and bilateral renal tuberculosis and 
radiation nephritis.  
Diabetic nephropathy:  
This is an increasingly prevalent cause of chronic renal failure. 
It probably commences as a small vessel disorder, and is clinically 
presaged by microalbuminuria. It is prevented by exquisite and life-
long maintenance of near normoglycaemia. 
Chronic renal vascular disease:  
Malignant hypertension, renal vein 0 thrombosis, and bilateral 
occlusion of the renal arteries with infarction of the kidneys are 
progressive renal failure. Non all associated with progressive 
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malignant (benign) hypertension causes only minor impairment of 
renal function, death is due either to heart failure or to cerebral 
hemorrhage.  
Obstruction to the outflow of urine:  
This is manifested by bilateral hydronephrosis, and occurs 
secondarily to urethral obstruction following a stricture, prostatic 
enlargement, or carcinoma of the cervix (often complicated by 
radiation fibrosis), which may also occlude both ureters.  
Congenital lesions:  
Polycystic disease and certain tubular defect may eventually 
lead to severe renal failure.  
Metabolic conditions:  
These include hypercalcaemia, multiple myeloma, 
hypokalaemia,  amyloidosis, gout, and diabetic nephropathy all may 





Effect of Chronic Renal Failure: 
The metabolic disturbances that may occur in chronic renal 
failure are diverse and very complex. They result from a primary in 
adequacy of the kidney to regulate the internal environment of the 
body. It is not surprising that there may be rapid fluctuations from 
dangerous excesses to severe depletions 9f water and various 
electrolytes consequent on dietary indiscretions or gastrointestinal 
disturbance, which may be either primary, or else secondary to renal 
condition itself.  
Disturbances in water metabolism:  
Inability of the failing kidney to concentrate urine adequately.   
Nocturia and moderate polyuria are early symptoms of renal failure. 
The polyuria is due to the effect of osmotic diuresis, and it is not 
severe because of number of functioning renal elements. There is 
usually a mild degree of dehydration which is manifested by thirst. As 
soon  as the patient ceases to maintain an adequate fluid intake or if 
there persistent diarrhea and vomiting, dehydration become severe. 
This is its turn, by decreasing the blood volume, causes renal 
vasoconstriction and leads to acute renal failure(8).  
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Disturbances in sodium balance:   
An adequate excretion of sodium is compatible with even a 
severely decreased GFR, and sodium retention is not a feature of 
chronic renal failure. One the other hand, there is a persistent 
tendency towards sodium depletion, due to primarily to inevitable loss 
of sodium that attends the osmotic dieresis.  There is compensatory 
secretion of aldosterone in order to retain sodium, but eventurally the 
distal tubules may become less responsive to this hormone. 
Disturbance in potassium balance:  
 The loss of potassium is not altogether dependent on the GFR, 
because some that passes into the filtrate as reabsorbed by the 
proximal tubules.  The excretion of potassium by the distal tubules is 
an active process, and is accompanied by an active reabsorption of 
sodium ions into the cells.  In chronic renal failure there is commonly 
a mild retention of potassium that may become severe terminally.  





1.2.3 History of renal Transplantation :  
Organ Transplantation has a long history, beginning with skin 
autrografting in India during the sixth  century. This procedure 
entered western medicine during the early renaissance and is 
described in a text on the restoration of the nose , lips, and ears by 
Gaspare Tagliacozzi (1545-1599) in 1906, Mathieu Jaboulay carried 
out the first attempts at human kidney transplantation. Jaboulay used 
pig and goat kidneys anastomosed to blood vessels of the arm of 
patients with chronic renal failure, which functioned for approximately 
1 hour. In 1911, Hammond and Sutton of Philadelphia performed the 
first human to human kidney transplant with transient success.  
Alexis Carrel, Jaboulay’s student, improved the methods of  
vascular anastomosis and introduced cooling as a method of organ 
preservation in his work in Chicago. Later moving to the Rockefeller 
Institute in New York, Carrel found that he could successfully 
autograft dog kidneys, unfortunately, allografts invariably failed. This 
finding suggested that technical factors could not explain the failure. 




 In 1942, Thomas Gibson and Peter Medawar published their 
early experience with skin allografts in the treatment of bums 
sustained by aviators in World War II. Gibson and Medawar noted 
that the second set of grafts from one donor is destroyed much faster 
than the first. The results of Medawar 's careful animal experiments 
later were developed into the immunologic concept of self and 
nonself. 
 The first wholly successful human transplant took place in 
December 23, 1954, in Boston, Massachusetts. Surgeon Joseph 
Murray performed a kidney transplant between identical twin 
brothers. While this and subsequent twin transplants did little to solve 
the problem of rejection, these procedures contributed to proving the 
value of the procedure and to the solution of many technical 
problems.  
In 1963, the introduction of azathioprine and steroid 
combination therapy produced encouraging results and became the 
mainstay of immunosuppression until the introduction of cyclosporine 
in 1983(9).  
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Kidney transplantation started in Sudan 1974, in Soba Hospital, 
Surgeon Omer Belail performed a kidney transplant to Saudi patient.  
The operation were continued with Ibn Sina Hospital which started 
Frist Kidney Transplantation in 1986.  Number of operation in Ibn 
Sina hospital is 98 (May -2005). 
Ahmed Gasim Hospital started kidney transplantation in 











1.2.4     History of Doppler Ultrasound:  
The early investigation into the nature of the Doppler effect 
were performed by Christian Andreus Doppler about 150 years ago 
and because of his work, the effect was named after him(18). While 
clinical ultrasound was developed in the 1960 and real-time 
ultrasound in the 1970. Although Doppler ultrasound technique had 
been investigated for many years, it wasn't until the development of 
duplex Doppler in the late 19705 and early 19805 that the technique 
started to become an increasingly important component of ultrasound 
examination generally. Colour Doppler has value in relation to both 
ultrasound examinations in general and vascular assessment in 
particular.  
Applications of Doppler ultrasound in nephrology include the 
investigation of patients with suspected Reno-vascular hypertension, 
follow-up after renal revascularization and assessment of renal 
transplants. (19)  
Aroma et al were the first to report the application of Doppler 
ultrasound in the assessment of the arterial blood flow pattern in the 
normal and Transplanted kidney. (20)  
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1.2.5 Ultrasound anatomy of the renal transplant:   
In most cases, the transplant kidney is positioned extra 
peritoneally in the right iliac fossa with an end-to-side anastomsis of 
renal vasculature to the external iliac artery and vein. The 
transplanted ureter is implanted   directly into the superior surface of 
the bladder. In approximately 20% transplants, multiple arterial or 
venous anastomoses may be required. (21) 
1.2.6 Technique:  
Renal transplant  sonographic examination check list:  
o Review any, available prior imaging studies; review the surgical 
record, especially with regard to vasculature. 
o Evaluate the renal collecting system , if dilated should exclude 
that bladder outflow obstruction is not the underlying cause.   
o  Measurement of renal length.  
o Rule out perinephric collection.  
o Rule out lymphocele.  
o Detection of uniform parenchymal perfusion by colour Doppler.  
o Examination of renal artery especially near the anastomosis.  
o The detection of renal vein patency. (22) 
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The Sonographic findings and possible Causes:    
•  Increase in size of transplanted kidney  
-  Hypertrophy of the kidney.  
-  Allograft rejection.  
-  Post operative infection.  
-  Renal vein thrombosis.  
•  Reduction in the size.  
-  Ischemia.  
-  Chronic rejection.  
•  Increased renal arterial flow resistance.  
-  Compressive effect by transducer.  
-  Adjacent mass or fluid collection.  
-  Infection.  
-    Advanced stages of rejection.  
-    High grade obstruction.  
-     Acute tubular necrosis.  
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•  Decreased renal arterial flow resistance.  
-  Renal artery stenosis.  
-  Severe aortoiliac atherosclerosis.  
-  Arterovenous fistula.  
•  Renal collecting system dilatation.  
-  Obstructive hydronephrosis.  
-  Ureteral anastomosis stenosis.  










1.2.7    The Doppler Effect and its application:  
In basic medical usage of the Doppler effect, the source and 
observer (receiver) are a transmitting and a receiving crystal usually 
positioned next to each other is a hand-held Transducer.  
A continuous cyclic electrical signal is applied to transmitting 
crystal and therefore a corresponding continuous wave ultrasound 
beam is generated. When the ultrasound is scattered or reflected at a 
moving structure with in the body, it experiences a Doppler shift in its 
frequency and  returns to the receiving crystal.  
Reflected U/S is also detected from static surfaces within the 
body but it has not suffered a Doppler shift in frequency. After the 
reflected u/s is received, the Doppler instrument separates the 
singles from static and moving structures by exploiting their different 
frequency.  
Motion of the reflector towards the transducer produces an 
increase in the reflected ultrasonic frequency, whereas motion away 
gives a reduction. The system electronic noted whether the detected 
u/s has higher or lower frequency than that transmitted, and hence 
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extracts information on the direction of motion relative to the 
transducer.  
When the line of movement of reflector is at an angle Ф to the 
transducer beam, then the Doppler shift, fD is given by Θ   
fD = ft - fr = ft.2.u.cos Ф 
              C 
ft  is the transmitted frequency  
fr  is the received frequency  
C is the speed of ultrasound  
u.cos Ф is the component of the velocity of the reflecting agent 
along the ultrasonic beam direction.  
For a typical case of blood flow in a superficial vessel  
Transmitted frequency ft = 5MHz = 5xl06 H  
Velocity of sound in soft tissue, u = 30 cm 5-7  
Angle between ultrasonic beam and direction of flow, = 45°  
The Doppler shift is fD = (5xl0x2x30xcos 45) = 1372 Hz 




The shift in frequency is small and within the audible range. In 
an ultrasonic Doppler instrument, the electronics are designed to 
extract the difference in frequency fD =(ft - fr) (Doppler shift). .   
The instrument can therefore feed a signal of frequency fD to 
some output device such as a loudspeaker or frequency analyzer.  
In consideration an ultrasound beam being reflected from 
structure moving at fixed speed and hence generating a Doppler shift 
of one particular frequency. In practice, there are many reflecting 
blood cells and their speed are different. The ultrasound signals 
returned to the detector from the different cells therefore have 
suffered different Doppler shift and add together to give a complex 
signal containing arrange of frequencies. 
The Doppler shift frequencies are extracted  from the defected 
complex signal and can be fed to loudspeaker.  
High-frequency (high-pitch) components in the audible sound 
are related to high speeds, whereas low frequency components 
correspond to low speed.  
Finally, it is noted that an output display or spectrogram is often 
used to  analized the frequency content of Doppler signals.(23)   
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1.2.8 Gray Scale Imaging: 
Assessment of the renal graft includes evaluation of the 
parenchymal echogenicity, definition of cortical/medullary junction, 
collecting system, surrounding soft tissues and estimation of graft 
volume (13).   
The normal renal transplant is easily visualized in the iliac fossa 
lying anterior to the external iliac artery and vein. 
The renal cortex is readily distinguished from the more echo-
poor medullary pyramids. The renal sinus is normally hyperechoic in 
the absence of hydronephrosis, although small amounts of fluid are 
often seen within the renal pelvis in the immediate postoperative 
period. (14).    
Transplant volume is estimated using the formula for the 
volume of a prolate ellipsoid (0.5 x long x transverse x AP 
dimensions)  
Small perigraft fluid collections are common, most represent 




1.2.9 Doppler imaging:  
Colour Doppler imaging has revolutionized the evaluation of the 
renal transplant, allowing rapid assessment of global renal arterial 
perfusion and venous patency. Current colour doppler technology 
allows visualization of main, anterior and posterior divisional, 
segmental interlobar, and arcuate arteries and corresponding veins 
within the graft.  
Colour Doppler Imaging (CDI) is useful is differentiating 
prominent renal vessels mild pelvcaliectasis which may occur as a 
consequence of oedema at the ureteral anastomosis. 
Normal main renal artery flow velocity ranges between 20and 
52 cm/sec with mean of 32cm/sec . (15). 
The Resistive index is widely used measurement of resistance 
to arterial flow within the renal vascular bed and is calculated from the 
PD arterial waveform .Use of the RI eliminates the need for accurate 
angle corrected measurements of blood flow in assessment of 
vascular resistance. 
An Rl of less than O.7 is considered normal ,whereas an Rl in 
excess 0.9 is a  strong indicator of transplant  dysfunction. (16-17)  
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Rl = Peak systolic velocity-lowest Diastolic Velocity   

















1.2.10 Role of Doppler Ultrasound in transplanted kidneys:  
Doppler ultrasound plays an important role in detecting 
postoperative complications, which can be classified into three major 
groups. 
  
1)  Functional complications:   
These include hyperacute rejection, chronic rejection, acute 
tubular necrosis and drug toxicity. Imaging technique, including 
ultrasound and Doppler, are limited in their ability to distinguish these 
functional complications, so, clinical symptoms should be included.  
With hyperacute rejection, graft failure occurs rapidly secondary 
to the presence of preformed anti-donor granulating antibodies.  
Acute R ejection is a cellular- mediated process whereby the 
immune system attacks the foreign renal allograft. lt is controlled by 
the use of steroids, cyclosporine and other immunosuppressive, 
agents. Occasional elevation in a transplant recipient's immune 
status (from viral infection or noncompliance with drug therapy).can 
result in an acceleration of acute rejection to a critical level.  
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The kidney becomes edematous and swollen, intracapsular 
pressure resistance, lead to markedly increased resistive to arterial 
inflow to the organ (due to decrease the diameter of intra renal  
vessels). This increase in renovascular resistance is expressed 
homodynamically as a decrease in diastolic flow throughout all 
regions of the allogrgraft including the transplant renal artery. The 
Doppler spectral waveforms will exhibit sharp systolic peak, delayed 
deceleration and decrease in diastolic flow.  
Acute Tubular Necrosis:  
There is continuum of spectral waveform alterations which 
occur from mild to severe ATN. Mild ATN is characterized by a 
normal-appearing spectral wave form which exhibits a slightly 
hyperemic flow component. This increase in diastolic flow is thought 
to be the result of arteriovenous shunting which is known to occur 
throughout the medulla and cortex during the necrotic process. As the 
necrosis increases in severity, arterial inflow is impeded by the 
tubular and interstitial edema. This impedance is reflected in the 
Doppler spectral waveform as increased pulsatility and decreased 
diastolic flow. With severe  ATN, the spectral pattern features rapid 
systolic deceleration , a reduction in amplitude and decent of the 
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diastolic flow component , and decreased diastolic flow .  a reduction 
in amplitude and decent of the diastolic flow component, and 
decreased diastolic flow.  This spectral pattern is seen throughout the 
medulla and cortex and may be propagated to the level of the 
transplant renal artery .Since the spectral pattern from severe Acute 
Tubular Necrosis may be indistinguishable from that associated with 
severe acute rejection, serial evaluations combined with the clinical 
impression are necessary to resolve the diagnostic queries and to 
monitor the therapeutic response.   
 
Chronic rejection:  
Chronic rejection is primarily an antibody-mediated process, but 
the pathophysiology is not entirely understood . Doppler indices really 
show any signification alteration in flow profiles with chronic rejection.  
Perioperative ischemia can result in transient compromise of 
renal function,  but the condition typically resolves within 1-2 weeks of 
transplantation. The kidney appear oedematous, espically the 
medullary pyramid, and Doppler studies will show an increase in the 
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resistive index.  Although these findings may indicate acute tubular 
necrosis, they are not considered specific.  
Cyclosporine toxicity:  
In the early phases of the toxic process, cyclosporine (CsA) 
toxicity primarily involves the renal tubules with little compromise of 
the vascular structures of the organ. in the absence of vascular 
involvement, the Doppler spectral wave from wave from normal 
during the early stage of the nephrotoxic process.   sequentially 
monitored 12 cases of histologically confirmed cyclopm toxicity  and 
noted normal diastolic flow patterns and resistive indices in all. (32).   
 
2- Vascular complications:    
 Following renal transplantation, vascular complications are 
observed in less than 10% of recipients, however,  when present they 
are associated with high morbidity and mortality.   Complication 
include renal artery or vein stenosis , compression , thrombosis , 
intrarenal arterial venous fistulae and pseudo aneurysms . If identified 
promptly, they can often be successfully repaired prior to transplant 
failure. Doppler sonography is a very effective, non - invasive 
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screening modality for id6ntifying significant vascular complication. (19-
21) 
Renal transplant artery stenosis:  
This is most often observed within 1-2 cm of the anastomosis, 
usually as a result of vessel wall ischemia are to surgical disruption of 
the vasa vasorum. Stenosis should be suspected of a tardus parvus 
wafeform and relatively low- resistance flow are noted in the infarenal 
braneles.   
Tardus parvus the wareform is characterized by delay  of 
systonic peak in systole (> 0.07), rounding of systonic peak and 
obliteration of early systolic  notch. A flow velocity greater than 2ms-1 
with associated distal turbulence near the renal artery, is diagnostic of 
renal stenosis.  
Approximately 20% of transplanted kidneys require more than 
one arterial anastomsis due to the presence of accessory arteries. If 
one of these vessels becomes compromised, then perfusion to the 
subtended segment of the kidney is decreased. Again, characteristic 
waveform may be seen, this time limited to the area perfused by the 
affected artery.  
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Segmental and interlobar artery stenosis: 
Real time U/S shows enlargement of kidney initially, then late 
becomes small and echogenic,  
Renal artery thrombosis:  
Common causes are aneurysm, polyarteritis nodosa, dissection 
and trauma. Patients present~ with acute flank pain and hematuria. 
(internal vascular complication).  
If thrombosis of this artery occurs, then the subtended area 
shows no flow on colour Doppler and an arterial tracing will not be 
identified by spectral Doppler.  
Segmental or interlobar renal artery stenosis can be confirmed 
by the   presence of intrarterial high velocity flow treatment options 
are limited because these lesions are typically multiple and distal. 
 
Renal vein thrombosis:  
This is a relatively rare post transplantation complication, it is 
usually seen within the first week following surgery.  
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Ultrasound shows large oedematous hypoechoic kidney, with 
indistinctionable corticomedulary differentiation and thrombus in the 
renal vein, which is hyperectoric. Collateral vessels, which develop 
within 2 hours, can cause vascular impression. Parenchymal fibrosis 
eventually causes shrunken hyper echoic kidney.  
Extremely  high resistive (Resistive index typically greater than 
100%). will be seen on the renal arterial waveforms on spectral 
Doppler.  The waveform shows peak  systolic flow, with leak of flow in 
the vein.  
In most cases, the thrombus results in partial rather than 
complete occlusion of the vein in renal venous outflow can be 
detected on spectral Doppler.  
3- Procedure Related Complications: (Anatomical)  
Haematomas:  
These include haematomas, urinomas, abscesses, lymphocele, 
obstructive hydronephrosis, intrarenal arteriovenous fistula and 
pseudoaneurysm. Unlike parenchymal (functional) complications  
most anatomic complications are readily identified by Ultrasound.  
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The complication rate for percutaneous biopsy of the renalgraft 
is approximately 5-8% perinephric hematomas account for 25 - 30% 
of all complication.  Haematoma can result from oozing  from the 
transplant bed. 
While most are small and do not require additional therapy, 
haematoma can result from oozing from the transplant bed. 
Heamatomas may occasionally compress the ureter and produce 
hydronephrosis. Containment of an acute or enlarging haematoma 
within the renal capsule many compress the renal parenchyma 
sufficiently to impair function.  
Urinaomas:   
Are relatively uncommon and usually are the result of 
breakdown at the ureteral anastomosis to the bladder. Doppler 
examination is of limited value in these cases.  
A patient with a rounded, expansile collection with internal 
echoes an U/S and associated signs of infection usually has an  
abscess.  
It is usually difficult to diagnose an abscess by sonography 
alone and computed tomography (CT) is considered a better imaging 
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study for this purpose. Occasionally colour Doppler may reveal colour 
flow or  tissue surrounding the abscess.  
Lymphoceles: 
 Lymphoceles usually become apparent about six to eight 
weeks postoperatively and are seen as rounded or lobulated 
collection near the vascular anastomosis.  They are the result of 
surgical disruption of lymphatic channels when vascular anastomosis 
to the transplanted kidney is creased.  An explanding lymphocele 
may cause ureteric compression and hydronephrosis.  If lymphocele 
becomes large enough, it may compress or kink the renal vascular 
pedicle.  In this situation Doppler examination may show findings 
similar to rterial or venour stenosis. 
Arteriovenous fistula:  
An Arteriovenous fistula occurs as a consequence of 
simultaneous laceration of a renal artery branch and an adjacent vein 
during biopsy. These occurs in up to 18% of biopsied kidneys, but are 
almost always small and asymptomatic. Observation is generally all 
that is necessary as most spontaneously thrombose.  
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Embolization is reserved for 1-2% of fistulae associated with 
hemodynamically significant AV shunting or recurrent hematuria.  
Arteriovenous fistula manifest as flash of colour, in the adjacent 
parenchyma when the transplanted kidney is examined at normal 
colour Doppler settings. This phemenon is caused by vibration of the 
surrounding tissue, secondary to the rapidly flowing blood through the 
fistula. It is often possible to distinguish the feeding artery and the 
enlarged draining vein with higher- velocity colour Doppler settings.  
  Spectral Doppler tracings including low resistance, high- 
veleocity arterial flows will be present in the draining segmental vein. 
If the  a reteriovenous fistula is large enough, it may be possible to 
observe pulsatile flow within the main renal vein.  
Pesudoaneurysm:  
Pseudoaneuysms are rare and many occur as a consequence 
of renal techniques, they usually appear as simple cystic structure, or 
a small collection of paravascular fluid. Colour Doppler, however, 
immediately reveals that the finding is not a simple cyst, spectral 
Doppler tracings shows turbulent flow within the cavity and classic 
biphasic flow pattern at the neck of the pseudoaneurysm and a 
50 
 
distorted, turbulent, pulsatule wave from can be observed within the 
pesudaneurysm.  
The vast majority of intrarenal arteriovenous fistulae and 
pseudoaneurysms resolve sponteously, but if they increase in size 
over a period of time, angiographic embolization may be necessary to 















This is a prospective hospital based study of 100 transplanted 
Sudanese patients their age between 10-16 years renal clinic  Ahmed 
Gasim Hospital- Khartoum in the period from Dec 2003 to Dec 2004.  
Those patients were subjected to examination using 2D real 
time Ultrasound and colour flow Doppler Modle: Khartoum Medical 
type: Sigma 330 with probe 3.5M . 
And laboratory investigation. (like blood urea and ceartinine).  
  The data were analyzed by computer using Statistical Package 
for Social Sciences (SPSS). The results were presented in tables and 
figures, a difference was considered statically significant at P. value < 







The study consisted of 100 patients with an age of 10 years to 
60 years, with distribution grouped as follows: 
Age (years) 
 10 - 20   were 4 patients  
21 - 30   were 30 patients  
31 – 40   were 29 patients  
41 - 60   were 37 patients .  (Table 1  and Fig. 1) 
 
Most  patients were males (85 patients),  while females were 
only 15. (Table 2  and Fig. 2) 
Related Donars were 91 while  non related Donars were nine.  
(Table:3 Fig:3) 
The causes of ESRD in the study group were due to uncertain 
diagnosis account 55 patients , hypertension 21 patient s, renal 
stones 10 patients, Glomerulonephritis 4 patients ,others are 
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uropathy, trauma ,pre-eclamtic toxemia and chronic rejection (Table  
4 and Fig. 4)  
In this study 67 patients had dialysis for one year ,the rest had 
dialysis to one to three years before transplantation (Table5 and 
Fig.5). 
Patients diagnosed by ultrasound scan with laboratory 
investigation  were found with normal kidney graft in 62 patients 
,acute tubular necrosis in 13 patients, perinephric collection in 11 
patients ,rejection in 10 patients, cyclosporine toxicity and renal artery 
occlusion in 2 patients . (Table 6 and  Fig 6). 
Ultrasound was done as follow up (from day0 to 4years )in 51 
patients ,abdominal pain in 11 patients, high chemical parameter in 
26 patients, haematuria in 4 patients , high blood pressure in 3 
patients and wound discharge in 5 patients (Table7 and Fig 7). 
Ultrasound finding was as follow: 
The kidney was found in the right iliac fossa in 98 patients, 
while in left iliac fossa in 2 patients . 
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Regarding renal size it was found normal in 90 patients during 
six months after transplantation, enlarged in 2 patients , one year 
after transplantation and small in 8 patients , two years after 
transplantation (Table 8 and  Fig 8). 
The renal echogenicity was found in 87 patients ,and increased 
in 13 patients . (Table 9 ). The corticomedullary differentiation was 
found normal in 95 patients and lost in 5 patients . (Table 10).  
The pelvicalyceal system was normal in 96 patients and dilated 
in 4 patients (Table 11). Fluid in the perinephric region was found in 9 
patients and free perinephric region in 91 patients (Table  12).  No 
renal calculi were detected in this study  (Table 13). 
Colour Doppler findings were normal blood flow in the renal 
artery in 87patients and not detected in 13 patients , while in the renal 
vein all patients had normal blood flow (Table  14 ,15),  respectively. 
Resistive index was normal in 65 patients and increased in 35 
patients  (Table 16 and  Fig 9). 
Based on resistive index with combined Laboratory tests  , 85% 
of cases were diagnosed as normal kidney graft, when the resistive 
index was in normal range (0.5-0.7 ). Increased resistive index 
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noticed in acute rejection 33%, chronic rejection 100%, acute tubular 
necrosis 30.8%, cyclosporine toxicity in 100%  (Table 17 and  Fig  
10). 
When resistive index was normal  (0.5-0.7)blood urea was also 
normal (0-50 mg/dl )in 93.5 % , and when resistive index was 
abnormal  ( > 0.7-1.0 ), blood urea was also high (100-150) in 72.6 % 
(Table 18 and  Fig  11). 
When resistive index was normal (0.5 – 0.7), serum creatinine was 
also normal (0.5 – 1.0 mg/d) in 80% and when resistive index was 
high (> 0.7 – 1.0), serum creatinine was also high (2.5 – 3.0 mg) in 
100%. (Table 19 and  Fig 12). 
The study shows that the U/S finding were compatible with 
clinical presentation.  Patients had no complain, U/S findings were 
normal in 75.9% while patient complained from nausea, vomiting, 
abdominal pain & lower limb edema.  U/S finding were abnormal. 

































 Frequency Percent 
Normal 87 87.0 
Increase 13 13.0 






 Frequency Percent 
Normal 95 95.0 
Loss 5 5.0 






 Frequency Percent 
Normal 96 96.0 
Mild 4 4.0 





 Frequency Percent 
Yes 9 9.0 
No 91 91.0 








 Frequency Percent 
No 100 100.0 
Total 100 100.0 
 
Table 14: 
Color Flow in Artery 
 Frequency Percent 
Normal 87 87.0 
Loss 13 13.0 
Total 100 100.0 
 
Table 15: 
Color flow in venin 
 Frequency Percent 
No 100 100.0 






























































Outcome after kidney transplantation has steadily improved 
over the past three decades, thanks to improvement in 
immunosuppression, ,organ retrieval techniques, early detection of 
complications and treatment of post transplant complications. (26)    
 Doppler Ultrasound is the investigation of choice in initial  
assessment and follow up of renal transplant. (27)   
 In this study we followed two different groups of a renal 
transplant patients from Living Related  Donars and Living unrelated 
donars operated in Sudan. Doppler Ultrasound examination was 
performed to assess its in evaluation of transplant kidney.   
The study consisted of 100 patients with an age of 10 to 60 
years, this reflect that end-stage renal failure can affect the children 
as well as elderly.  The  high frequency in the 41 - 60 groups.  
Gender distribution in this study revealed 85 males and only 15 
females although there is no evidence in medical literature, that 
reflect predominance of males in  end-stage renal disease . 
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The study agrees with most centers, which reported patient 
survival rate exceeding 95% during the first post-transplant year for 
all recipients.  In this study  the related donars (RD) account 91 
cases,  Non related donars (NRD) account only nine and there is no 
cadavaric donars, although a local study  done in 1996 in Transplant 
Kidney  showed there were 3 cadavaric donars, which explained that 
the operations of renal transplant were done out side Sudan. In the 
United State of America, living donation, which had accounted for 
about 20% of all (United State of America) transplants for  many year 
have increased by nearly 50% over the past five years. (28)   In 
countriestries such as Saudi Arabia and Kuwait and other European 
countries and United State of America (12)    where both cadveric and 
living donar transplants have been performed, it is well recognized 
that living donar kidneysresult in better long-term success rate than 
cadaveric kidney  transplants.  Even with modern 
immunosuppression, living donar Kidneys provide a clear long-term 
survival advantage over cadaver kidney. (28)      
Concerning the causes of chronic renal failure the study reveals 
that uncertain causes account for 55 patients which is compatible 
with local study(35)    and European patients. (29)   this is because in 
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the early stages, a specific diagnosis is often possible but, with near 
end stage renal failure with small kidneys a specific diagnosis is often 
impossible even with renal biopsy. 
Hypertension is 21 % forward agreeing with a medical 
literature. (29)   that hypertension is frequently found, but whether this 
is the cause or result of renal disease is often impossible to 
determine. In this study Glomerulonephritis account for only 4% 
whereas in local study done in 1996 accounted for 47.5% and 
international medical literature accounted 47%.  This difference in 
result is due to that  the Glomerulonephritis was probably 
underestimated, this because the Ultrasound and  renal biopsy are 
not performed in most patients, to detect Glomerulonephritis as cause 
of chronic renal  failure. 
Other causes were renal stones 10%,  uropathy, trauma, pre 
eclamtic toxeamia and chronic rejection which is compatible with a 
medical literature. (29)    
In this study there 67% patients had dialysis for less than one  
year, the rest had dialysis for one to three years, this short duration of 
dialysis reflect the awareness of the improvement of renal 
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transplantation unit with all the necessary infrastructure including 
tissue typing laboratory and pathology services. .   
Regarding renal size, it was found normal in 90 patients 
enlarged in two patients after 6 month from operation while small 
rend size in eight patients after one year from operation in 40% and 
after 2 yrs in 60 graft loss has been attributed in acute or chronic 
rejection respectively, this study agrees with other study. (31)   
Based on Ultrasound patient diagnosed as a normal graft 
kidney were 62%, acute tubular necrosis 13%, perinephric collection 
11%, rejection 10%, cyclosporine toxicity and renal artery occlusion 
were 2%,  this result are compatible with international reports, (30) 
which showed the result of ultrasound diagnosis of transplant kidney, 
results are reported from 37% echographic examination, manifested 
as flow normal graft 40.5%, acute rejection 21.6%, acute tubular 
necrosis 16.2%, vascular thrombosis 8.1%, perinephric collection 
5.5%, dilated pelvicalcyceal system 8.1%, disable availability of 
various regimens to prolong the renal graft survival, early or late 
rejection continue to cause problems. (31) 
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In the living related transplant about 27% and 40% of graft loss 
has been attributed to acute or chronic rejection, respectively. (31) 
Acute tubular necrosis is the most common cause of delayed 
graft function with incidence varying from 20% - 50% in cyclosporine . 
Resistive index was normal in 65 patients and increased in 35 
patients. 
 The resistive indices (RI) measured at the level of arcuate 
arteries were 0.5 to 0.7 in those with normal function and ranged from 
more than 0.7 to 1.0 in allgrafts with dysfunction. 
 This agrees with other study, (34)   which demonstrated that of 
50 scans performed for normally functioning allograft, 47 had an R1 
value in the 0.5 – 0.7 range; in contrast among the 40 scans 
performed during episode of renal dysfunction, 14 had an R1 value > 
0.7.  
Based on resistive index, 85.5 of cases were diagnosed as normal 
kidney graft, when the resistive index was in normal range (0.5 – 0.7) 
.  increased resistive index (> 0.7 – 1.0) noticed in acute rejection 
was 33.3%, chronic rejection 100%, acute tubular necrosis was 
30.8% cyclosporine toxicity in 100%.  
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 Among the patient with blood urea normal 0 – 50 mg/dl (normal 
renal function) had resistive index value between 0.5 – 0.6 in 27 
patients, 0.6 – 0.7 in 16 patients 0.7 – 0.8 in two patients, 0.9 – 0.10 
in one patients that means most patients account when blood urea 
were normal.   High blood urea 50 – 100 gm/dl, had resistive index 
value between (0.5 – 0.6) in five patients, (0.6 – 0.7) in 12 patients 
(0.7 – 0.8) in seven patients. 
 High blood urea 100 – 150 mg/dl, had resistive index between 
(0.6 – 0.7) in 3 patients between (0.7 – 0.8) in five patients, between 
(0.8 – 0.9) in two patients, between (0.9 – 1.0) in two patients. 
High blood urea 150 – 200 mg/dl resistive index value between 
(0.8 – 0.9) in two patients. 
High blood urea 200 - 300 mg/dl had resistive index between 
0.5  0.6 in two patients, between 0.9 - 1.0 in one patient.  
Patients with normal serum creatinine (0-1.5 gm/dl) had 
resistive index value of(9.5 - 0.7 Jin 42 patients and between 0.7-0.8) 
in 11 patients, between(0.8-0.9J in Two patients, between(0.9-1.0) in 
One patient., While with high Serum Creatinine 1.5-2mg/dl had 
Resistive index value between 0.5 - 0.6 in five patients, between 0.6 - 
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0.7 in nine patients. Increase in Serum Creatinine more than 2.5mg/dl 
had resistive index value between (0.7 – 0.8) in  two patients, 
between (0.8 - 0.9) in two patients, between 0.9 - 1.0) in three 
patients.   
 When resistive index was normal (0.5 - .7), blood urea 
was also normal and when resistive index was high (> 0.7 – 1.0), 
blood urea was also normal. (100 – 150) 
When resistive index was normal (0.7 – 1.0), serum 
creatinine was also normal (0 – 1.5 mg/dl) and when resistive 
index was high   (> 0.7), serum creatinine was also high (2.5 – 
3.0 mg/dl in 100%.   
The following observations were made from this study: resistive  
Index between 0.5 - 0.7 is normal, 0.7 - 0.9 is highly suggestive of 
abnormality . In spite is not specific to differentiated between different 
types of functional complication, but when combined with clinical 
presentation and blood urea, serum creatinine Doppler can be useful 







• Renal Transplantation is an accepted and usually Successful 
therapy for irreversible renal function.  
• Doppler Ultrasound is the principal imaging technique used in 
the evaluation of transplant kidney, because it is an accurate, 
noninvasive screening and has the advantage of safely imaging 
the structure of graft and its perfusion without the need for 
intravenous contrast or ionizing radiation.  
• Resistive index between 0.5 - 0.7 is normal and 0.7 - 0.9 is 
highly suggestive of renal graft dysfunction ,which is not 
specific to differentiate between typers of functional 
complations, combination of clinical symptoms and laboratory 
test (BI. urea and S. creatinine) shoud   be included. 
• Rapid, reliable diagnosis of complication has allowed prompt 







• Follow-up care with Doppler Ultrasound is necessary and this 
should be immediately after operation and to be continue 
regularly better monthly.  
• High resistive index should be taken as accurate parameter of 
renal allograft dysfunction. 
• Medical orientation training should be taken concerning uses of 
Doppler ultrasound in medical field especially in imaging of 
transplant kidney.  
• I recommend the government to support AG hospsital by printer 
machine for available U/S and other U/S to be fix in ICU. 
• I hope, that, to start organization of  cadaveric transplantation  
program in  Sudan, by preparing intensive care units and by 
discussing matter with religious men and provide clear 
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